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Executive Summary



Invasive Species in Washington
Washington is at risk from a wide variety of invasive species. These 

nonnative plants and animals have an adverse impact on 

Washingtonôs landscapes, ecosystems, agriculture, commerce and 

recreation. 

This report aims to help state agencies tasked with managing natural 

resources to quantify the potential economic damages of a select list of 

twenty-three invasive species on the overall Washington economy, 

coupled with a broader understanding as to how these damages 

translate into lost jobs, lost wages, and lost business sales (or output).

Total Costs of Invasive Species 
Crops: Cropland has the potential to be quickly infested by invasive 

plants, which reduce overall yields and require resources for their 

control. Furthermore, crops are directly lost through invasive animal 

consumption. The direct impact of invasive species on crops grown in 

Washington is estimated to be $239.5 million per year.

Livestock: Invasive noxious weeds in pastures and rangeland 

displace desirable forage that help sustain livestock. In some cases, 

these plants are also toxic to livestock and horses and can be fatal. 

The direct economic impact of invasive species on the livestock 

industry is estimated to be $120.1 million annually. 

Timber: Many invasive species can severely impact Washingtonôs 

$1.68 billion timber and logging industry. Invasive noxious weed 

species such as Scotch broom can outcompete new saplings, which 

reduces future timber harvests. Insect species such as the gypsy moth 

have a more immediate impact on the timber industry by defoliating 

and stressing, resulting in mortality of adult trees. The direct economic 

impact of invasive species on the timber industry is estimated to be 

$124.8 million.

Recreation: Recreational activities such as hunting, fishing, and 

boating can all be adversely affected by invasive species. Many of the 

same species that impact a rancherôs ability to range their cattle also 

reduce elk and deer populations. Aquatic invasive

species can cause declines in fish populations and reduce access to 

popular fishing areas. Other aquatic species can clog up boat propellers 

and render public boat launches unusable. The direct economic impact to 

recreational activities from invasive species is estimated to be $20.5 

million per year. 

Most Costly Invasive Species 

Plant Species

Rush skeletonweed has an extensive root system that allows it to 

outcompete native grasses and valuable crops for water. Major crops 

impacted include wheat and potatoes, both of which are major 

commodities in Washington. It has the potential to have a total economic 

impact of $149.2 million, putting 1,080 jobs at risk if it were allowed to 

spread an additional 12% per year into susceptible land types. 

Scotch broom quickly forms dense stands which quickly outcompete 

young trees and desirable forage plants. Furthermore, Scotch broom can 

be toxic to cattle. Scotch broom is widespread in western Washington and 

has the potential to cause a total of $142.7 million in lost sales and 660 

job losses in Washington per year if it were allowed to spread an 

additional 12% per year into susceptible land types.

Animal Species:

Apple maggots infest apple, pear and cherry orchards, rendering 

significant numbers of fruit unsuitable for sale. Since apple maggot is an 

invasive species, any orchard infested with apple maggot cannot export 

any of its fruit without undergoing treatment. The total economic impact 

from apple maggot is estimated to be $392.5 million, putting 2,900 jobs 

at risk per year. 

Zebra mussels are not currently found in Washington but do have the 

potential to infest numerous bodies of water in the Columbia River Basin. 

Zebra mussels can clog intake valves in dams as well as colonize public 

boat launches, rendering them unusable. If zebra mussels were to 

establish in Washington, the economic impact could be as large as $100.1 

million. This translates into an estimated loss of 500 jobs.



Information & Background



2. Rangelands: Designated rangeland is considered to be the sum of 

Grassland/Pasture and shrub land land areas as described by the 

National Agriculture Statistic Serviceôs CropScape map for 

Washington. Rangeland impacts are considered only for livestock 

meant for slaughter. 

3. Timberland: Lands that were designated as timber-producing areas 

were collected from The Washington State Forest Biomass Supply 

Assessment Database through the University of Washington. 

4. Wildlands: Wildlands are broken into three unique recreation 

impacts; 1. Hunting, 2. Fishing, and 3. Boating. Hunting on Wildlands 

are considered to cover the same area as rangeland. However, fishing 

impacts are focused exclusively on rivers while and boating impacts 

are calculated for both rivers and lakes but not ocean bays. River data 

is collected through the Washington Department of Fish and Wildlifeôs 

SalmonScape database. Lake data is collected through the United 

States Geographic Survey National Hydrography Dataset. 

Degradation Rates: The primary mechanism for calculating direct 

impacts of invasive plant species are the utilization of per-acre 

degradation rates tabulated in a Oregon Department of Agriculture report 

ñEconomic Impact From Selected Noxious Weeds in Oregonò (The 

Research Group, 2014). The degradation rate is the percentage of output 

lost per acre across all relevant land types for each considered species. 

These degradation rates are related exclusively with the productive 

capacity of the land an invasive species might be found on. 

Acreages of Impact from Invasive Species: Acreages of impact for 

each invasive species and associated commodities are generally based 

on a percentage of probable spread for each land type studied this is also 

referred to as a ñrate of infestationò or ñrate of spreadò in the report. Some 

species have drastically different rates of infestation or spread than others 

which in turn result in different levels of impact. 

Explanation of Analytics
The analytics presented in this report provide a snapshot of total economic 

impact within a single year if no prevention or management activities 

occurred.

Project Background
Invasive species have an adverse impact on Washingtonôs 

landscapes, ecosystems, agriculture, commerce, and recreation. 

These damages translate into costs borne by businesses and 

communities throughout the state economy, such as lost agricultural 

output and outdoor recreation-related sales. 

The Washington State Department of Agriculture, in partnership with 

the State Noxious Weed Control Board and the Washington Invasive 

Species Council, requested a cost-effective study of the potential 

economic damages of a select list of 23 invasive species on the wider 

Washington economy and a broader understanding as to how these 

damages would translate to lost jobs, lost wages, and lost sales. The 

resulting analysis leveraged various ecological studies and economic 

impact studies done for other states on similar invasive species, 

particularly the recent report ñEconomic impact from selected noxious 

weeds in Oregonò, which was released in December 2014 by the 

Oregon Department of Agriculture (The Research Group, 2014).

Research Questions
> What are the direct economic impacts of invasive species in 

terms of lost output across a range of natural resource activities, 

e.g., agriculture, timber, and aquaculture?

> What are the total impacts of invasive species in terms of lost 

business sales (including indirect and induced impacts), lost labor 

income and lost jobs to Washington?

> How do invasive species affect recreational activities in 

Washington?

> What are the possible scenarios that describe the spread of 

invasive species throughout Washington?

Key Terms and Concepts
This report broadly focuses on four distinct land types:

1. Croplands: Parcels of land that are designated as agriculture land 

by the Washington Department of Agricultureôs 2015 Agriculture 

Land Use Survey that are growing a variety of agriculture products.



Methodology



Acreage Datasets and Analysis Used 
Crops: Data on crop acreages for Washington was taken from the 2015 

Washington State Department of Agriculture Agricultural Land Use. This 

provides estimates on acres by crop type and county in Washington state for 

impact estimates by invasive species. The geodatabase was connected to 

ArcGIS using directions provided by the Washington State Department of 

Agriculture. 

Rangeland: The United State Department of Agriculture Crop Scape dataset 

provides estimates on rangeland acres by county in Washington state for impact 

estimates by invasive species. Specifically, the process is as follows: the 

grass/pasture (value 176) and shrub land (value 152) rasters are downloaded 

for Washington state; then using the Use Raster to Polygon tool in ArcGIS the 

raster converts pixels to a shapefile and merges the polygons together for one 

rangeland area estimate; the Use Erase tool in ArcGIS is used to remove area 

from rangeland that overlaps with any crop sections from the Washington State 

Department of Agriculture dataset; finally, the Use Split tool in ArcGIS is used 

with a detailed county line shapefile to get rangeland estimates by county. 

Timber: Timber acreages are from the Washington State Forest Biomass 

Supply Assessment Database. This database provides estimates on timberland 

acres by county in Washington state for impact estimates by invasive species. 

Excluded are timberland polygons where centroids fall within crop sections and 

crop group is not ñCommercial Tree (4).ò

Rivers and Lakes: Rivers and lakes in Washington are taken from the National 

Hydrography Database maintained by the U.S. Geological Survey. This 

database provides estimates on river and lake acres by county in Washington 

state for impact estimates by aquatic invasive species. Rivers were buffered by 

one acre on each side of center line in ArcGIS.

Dams: Dam data is taken from the Washington Department of Ecology. This 

helps flag rivers and lakes by county in Washington state for the presence of 

dams, for estimates of dam maintenance needed as a result of damage caused 

by aquatic invasive species. Dams were spatially joined to rivers and lakes 

within 500 feet of the dam. 

Boat Launches: Data on boat launches are from the Washington State 

Recreation and Conservation. This flags rivers and lakes by county in 

Washington state for the presence of boat launches, for estimates of aquatic 

invasive species spread by boats. Boat launches were spatially joined to rivers 

and lakes within 500 feet of the boat launch. 

Output Calculations by Commodity
Crops: The annual output of crops in Washington are taken from the 

National Agriculture Statistics Service for each commodity produced in 

Washington in 2015. 

Livestock: Livestockôs annual output is taken from the National 

Agriculture Statistics Services for Cattle, including calves but excluding 

inter-farm and inter-state sales. This value is discounted by the share of 

cattle that are fed exclusively on feed lots, as compared to the total head 

of cattle.

Timber: Output for the timber industry is represented as the gross 

business revenue for North American Industry Classification System 

code 113, which represents the forestry and logging industry. This data 

is provided by the Washington Department of Revenue. 

Hunting: Values for hunting are specifically focused on the cost for big 

game and migratory bird licenses and represents the output of hunting. 

Fishing: Fishing output is represented at a value of $100 per day per 

stream across four days of fishing per week as per the ñEconomic Impact 

from Selected Noxious Weeds in Oregonò report. For Washington, the 

total output of fishing is estimated to be $27.4 million in 2015. 

Dams: The output value of dams is represented as the additional cost 

required for maintenance and repairs by invasive species. The cost for 

cleaning dams with entangled vegetation is expected to be $3,000 per 

dam facility as per the Colorado Department of Fish and Wildlife. The 

cost of removing invasive mussels from dams is estimated to be $48,000 

per dam annually as per ñEconomic Risk of Zebra and Quagga Mussels 

in the Columbia River Basin.ò From the ñPotential Economic Impacts of 

Zebra Mussels on the Hydropower Facilities in the Columbia River 

Basinò report, the cost of installing a preventive system for zebra 

mussels is estimated to be $1.8 million per dam. 

Boating and Boat Launches: The output of recreational boating is 

calculated by using the methodology outlined in Chang and Jackson 

(2003) and the number of recreational boating days as outlined by the 

Oregon State Marine Board (2009). The output methodology described 

in Chang and Jackson (2003) is specifically applied to bays. This 

methodology is slightly altered to provide an output value for streams by 

looking at stream lengths instead of bay acreages.



Direct Impacts from Invasive Species 

The direct impacts from invasive species are generally categorized by 

their impacts to different commodities produced on select land types. 

These land types are Cropland, Timberland and Rangeland, which in 

turn correspond to the commodities that are produced on those lands 

(crop commodities on Croplands, timber on Timberlands and livestock 

and hunting on Rangelands). The degradation-per-acre for most 

invasive plant species are from the ñEconomic Impact from Selected 

Noxious Weeds in Oregonò report produced for the Oregon 

Department of Agriculture by The Research Group, LLC. 

Impacts of invasive animal species per acre vary by commodity 

affected. In most cases, these per-acre impacts were found through 

consultation with Washington State Department of Agriculture and 

Washington State Department of Fish and Wildlife to arrive at a 

percent rate of damage per acre. Exceptions include gypsy moth and 

invasive mussels, which impact trees and dams respectively. Impacts 

for these two species are derived from ñEstimating the Benefits of 

Gypsy Moth Control on Timberlandò by Ganser and Herrick (1987) and 

ñEconomic Risk of Zebra and Quagga Mussels in the Columbia River 

Basinò produced by the Independent Economics Analysis Board (2013) 

supplemented by ñExpansion of Dreissena into Offshore Waters of 

Lake Michigan and Potential Impacts on Fish Populationsò by Bunnel

et al. (2009). 

Using the per-acre output values calculated per commodity, the 

individual invasive species impacts are applied to calculate the direct 

economic loss per commodity per invasive species. These direct 

economic losses are then summed across 52 macro economic sectors 

that are used to calculate induced and indirect economic impacts. 

Induced and Indirect Economic Impacts

The primary tools for estimating the broader impacts of invasive 

species in Washington state are calculated from the Washington State 

Input-Output (I-O) Model for year 2007, published in 2012, and 

IMPLAN. The Washington State I-O Model provides a data-rich 

rendering of the state economy across 52 sectors. The transactions 

table, which underpins the I-O Model, provides estimates of 

intermediate purchases, sales, and final demand across all modeled 

sectors. 

The complex analysis of the model, published online by the 

Washington State Office of Financial Management, allows analysts to 

model the impacts of economic activities when output, labor, wages, 

and first-round direct purchases/requirements are known. In order to 

apply the input-output model for multiple years of analysis, implicit 

price deflators were used to adjust previous year totals to 2014 (the 

most recent modeling year). Direct requirements for all affected 

sectors were calculated based on shares of purchases for each sector 

to each year of output, derived from the 2007 transactions table, as 

well as IMPLAN social accounting matrices, and interviews.

The economic impacts of invasive species in Washington include 

direct, indirect, and induced effects, the total impact being the sum of 

these impacts. Analysis begins with a transactions table, constructed 

from multiple data sources by Beyers and Lin. This table captures all 

transactions between and within industries and final demand, the latter 

including personal consumption expenditures (i.e., household 

consumption), domestic and foreign exports, investment, and federal, 

state, and local expenditures. Total output in an economy is thus the 

sum of inter- and intra-industry purchases, also referred to as 

intermediate transactions, and final demand. The input-output 

transactions table is governed by an important accounting identity 

requiring that all purchases in an economy must equal all output. 

Within the transactions matrix, the sum of each column represents all 

purchases by an industry or source of demand, and will equal the 

amount sales and output by that activity.

For example, in the latest transactions table, the input-output sector 

ñSoftware Publishing and Internet Service Providersò in 2007 

purchased nearly $5.3 billion in non-labor inputs from other industries 

in Washington. Added to this, the sector paid $9.7 billion in wage and 

salary outlays (including non-wage benefits), plus $8.3 billion in other 

value added activities (e.g., profits, dividend payments) and $10.1 

billion in imported (domestic and foreign) inputs; these amounts total 

$33.4 billion, exactly equal to total sales, or output, by this industry in 

Washington.



Induced and Indirect Economic Impacts 
(continued)

The columns of a transactions table thus represent production 

functions for each modeled industry. Direct requirements coefficients, 

also referred to as technical coefficients, are the share of total 

purchases for each input. For example, in 2007, again return to the 

Software Publishing and Internet Service Providers industries in 

Washington, firms belonging to this grouping purchased $240.4 million 

in goods and services from the industry category ñArchitectural and 

Engineering /Computer Systems Design and Related Services,ò 

translating into a direct requirements coefficient of 0.0072, or 0.72% of 

all purchases made by Software Publishing and Internet Service 

Providers based in Washington State ($240.4 million / $33.4 billion).

Once a matrix of direct requirements is calculated, a series of 

equations are used to relate changes in demand in one sector of the 

economy to changes in gross output to across the entire economy. 

Inter-industry transactions, denoted ñO,ò is equal to a vector X of gross 

output per industry multiplied by the matrix of direct requirements, 

denoted ñA.ò

(1) O = AX

The vector of gross output per industry, X, is the sum of inter-industry 

output (transactions) and final demand. In the above example, $41.7 

billion in total output in aerospace is equal to $842.8 million in inter-

industry sales plus $40.8 billion in final demand.

(2) X = O + D

Combining equations (1) and (2) results in industry gross output 

equaling the sum of industry output multiplied by direct requirements 

plus final demand:

(3) X = AX + D

Rearranging this equation:

(4) D = (1-A)X, and

(5) X = D(1-A)-1, the (1-A)-1 , which is also referred to as the ñLeontief 

Inverseò

Finally, input-output modeling is primarily used to assess economy-

wide changes given a change in one or more activities, resulting in 

equation 

(6)X = (1-A)-1D
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Rubus armeniacus

Himalayan blackberry is a perennial shrub that produces long 

sprawling stems called canes that are covered with sharp, hooked 

spines and may reach a length of 40 feet. Himalayan blackberry has 

five-petaled white or pink flowers, which form aggregate fruits. The 

compound leaves have serrated edges and are alternately arranged. 

Root crowns of this Class C noxious weed can grow up to 8 inches in 

diameter and roots can reach 5 feet into the soil. Blackberry shrubs 

can grow up to 12 feet tall.

Description of Species

Impacts Considered

Cattle and livestock: Outcompetes native pasture plants and impacts 

quality of grazing lands.

Timber: Prevents growth of shade intolerant trees such as Douglas fir 

and ponderosa pine. 

Croplands: Can infest croplands and requires control. 

Distribution in Washington

Himalayan blackberry is found in 26 counties, with significant 

concentrations found in 19 counties in the western part of the state. It 

is less widespread but still problematic in parts of eastern Washington. 

Source: Washington State Noxious Weed Control Board

Other Considerations

Recreation: Himalayan blackberry produces dense thickets that 

restrict access to or limit the use of public lands and increase park 

management costs.

Cost of control: Birds and animals consume fruit and carry seed over 

a wide area. Any control program needs to be long term.

Host for berry pest: Himalayan blackberry is a host species to the 

spotted-wing fruit fly, Drosophila suzukii, a serious insect pest of berry 

and tree fruit crops in the Pacific Northwest. 

Reference: http://www.nwcb.wa.gov/weeds/himalayan-blackberry and links therein. 

http://www.nwcb.wa.gov/weeds/himalayan-blackberry


Rubus armeniacus

Direct Economic Impact of Species

Sources: The Research Group, 2014; WSDA, 

2015; USDA, 2015; WDFW, 2015; University of 

Washington, 2015; Ruyle and Ogden, 1993; 

Chang and Jackson, 2003; Oregon State 

Marine Board, 2009; OFM, 2016; Community 

Attributes Inc., 2016

If Himalayan blackberry spread an additional 12% in the 19 counties 

with significant infestations in Washington, it would translate to 

approximately 17,000 invaded acres of croplands, 284,000 acres of 

rangeland and wildland, 2.1 million acres of timberlands, and 1,605 

miles of rivers and streams. Timber is the commodity affected the most 

by Himalayan blackberry, with a direct economic impact of almost $14 

million worth of timberland. Impacts to timber account for 68% of the 

total estimated direct impacts from Himalayan blackberry. 

Two of the counties most affected by Himalayan blackberry are Lewis 

County and Grays Harbor County, which have estimated direct 

impacts of $2.4 million and $2.1 million respectively.

Total Economic Activity at Risk

Output $48,786,000

Jobs 230

Labor Income $12,773,000

Total Himalayan Blackberry Impacts

Looking at the broader Washington economy, Himalayan blackberry 

infestation could have a cumulative output impact of $48.7 million. This 

loss of output translates into a loss of 230 jobs in Washington and $12.7 

million in lost labor income. 

Direct Impacts to Crops $1,369,500

Blueberry $323,000

Strawberry $54,000

Other Berries $2,500

Hay $990,000

Direct Impacts to Livestock $4,025,000

Direct Impacts to Timber $13,903,000

Recreation in Wildlands $1,135,000

Direct Impacts to Hunting $247,000

Direct Impacts to Fishing $888,000

Total $20,432,500

Himalayan Blackberry Direct Impacts



Centaurea solstitialis

Impacts Considered
Cattle, horses, and livestock: Yellow starthistle rapidly outcompetes 

desirable forage species in pastures, rangeland, and meadows. 

Horses consuming too much yellow starthistle, whether fresh or dried 

in hay, over 1 to 2 months may develop ñchewing disease,ò a fatal 

neurological disease with no cure. Cattle can consume the basal 

rosettes but the spines of the flowering plants can cause injury.

Wheat: Can infest wheat crops in areas where there is high 

competition for nutrients needed for new seed.

Other Considerations

Hunting: Hunters and their dogs can be injured by the sharp spines, 

and they may also help disperse the seeds into new areas. Infested 

hunting grounds should be avoided by hunters, hikers, and campers. 

Environment: Yellow starthistle is a superior competitor for water than 

many native plants in arid regions.

Reference: http://www.nwcb.wa.gov/weeds/yellow-starthistle and links therein. 

Distribution in Washington
Yellow starthistle occurs primarily in eastern Washington and is most 

abundant in the southeast part of the state. Twenty-one counties 

currently have some amount of yellow starthistle, 11 of which have a 

significant number of infested acres. Both King and Thurston Counties 

had introductions of yellow starthistle, which were eradicated.

Description of Species
Yellow starthistle is an annual or biennial Class B noxious weed with 

long, winged stems covered in white wooly hairs, deeply lobed leaves, 

and yellow flowerheads. Bracts at the base of the flowerhead are 

covered with spines up to 1 inch long. It typically grows 2 to 3 feet tall 

when adequate moisture is present but can bloom when only 2 to 3 

inches tall under extreme drought conditions. Most seeds have fine 

bristles that allow them to be wind-dispersed.

Source: Marty Hudson, Klickitat County Noxious Weed Control Board

http://www.nwcb.wa.gov/weeds/yellow-starthistle


Centaurea solstitialis

Direct Economic Impact of Species
If yellow starthistle were to spread into an additional 12% of 

susceptible land types in the 11 counties with significant infestations, it 

would be equivalent to 320,000 acres of rangeland and wildland, along 

with an additional 596 miles of rivers and streams. The largest impact 

caused by yellow starthistle is to livestock, which accounts for more 

than $21.1 million in direct impacts. 

Yakima County is affected the most by yellow starthistle, with a total of 

$8.5 million in potential economic loss. Yakima accounts for 38% of all 

the direct impacts associated with yellow starthistle in Washington. 

Other counties with significant economic impacts associated with 

yellow starthistle include Klickitat County and Ferry County. 

Total Economic Activity at Risk

Direct Impacts to Livestock $21,162,000

Recreation in Wildlands $1,215,000

Direct Impacts to Hunting $556,000

Direct Impacts to Fishing $659,000

Total $22,377,000

Yellow Starthistle Direct Impacts

Projecting the impact of yellow starthistle across the wider Washington 

economy indicates that the total value of economic output at risk is 

approximately $54.3 million. This output loss is associated with a loss of 

290 jobs and $14.8 million in wage income. 

Output $54,326,000

Jobs 290

Labor Income $14,893,000

Total Yellow Starthistle Impacts

Sources: The Research Group, 2014; WSDA, 

2015; USDA, 2015; WDFW, 2015; University of 

Washington, 2015; Ruyle and Ogden, 1993; Chang 

and Jackson, 2003; Oregon State Marine Board, 

2009; OFM, 2016; Community Attributes Inc., 2016


